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Introduction {#sec1-1}
============

Spinal cord injury (SCI) often results in lifelong disability, muscle palsy, sensory disturbances, autonomic dysfunction, and neuropathic pain, as well as bowel and bladder incontinence, depending on the SCI severity (Eckert and Martin, 2017; Badhiwala et al., 2018; Lin and Chay, 2018, Brown and Martinez, 2019; Zhang et al., 2019). These sequelae can severely reduce quality of life for both patients and caregivers (Lynch and Cahalan, 2017; Müller et al., 2017). The pathophysiology of SCI can be divided into primary and secondary injuries, and secondary injury involves axon dislocation of damaged tracking fibers, axon demyelination caused by the loss of myelin-producing oligodendrocytes, local neuroinflammation because of tissue edema or ischemia, and parenchymal cavity or glial scar formation followed by intraspinal hemorrhage (Priest et al., 2015; Manley et al., 2017; Koda et al., 2018). To the best of our knowledge, there is no effective method that reverses the trauma, partly because of the extremely limited self-regeneration abilities of the spinal cord (Marichal et al., 2017; Donovan and Kirshblum, 2018; Kabatas et al., 2018). SCI in the secondary phase is considered to be the primary target for treatment, and a number of attempts have been made to treat this phase (Karsy and Hawryluk, 2017; Jacobs and Lovejoy, 2018). Currently, the only approved medication to treat SCI in clinic is a high dose of corticosteroid (Falavigna et al., 2018). However, there is a lack of consensus regarding its standardized application because a series of potential risks and undetermined clinical outcomes have been reported (Kube and Olby, 2008; Fehlings et al., 2017). Hence, a novel, effective treatment is urgently required for SCI.

Human umbilical cord mesenchymal stem cells (hUC-MSC) are a promising choice for SCI therapy. Their use has many benefits, including in revascularization support, control of inflammation, inhibition of cellular apoptosis, and production of multiple trophic factors, as well as the differentiation of hUC-MSCs into oligodendrocytes and neurons (Torres-Espín et al., 2013; Zhilai et al., 2016; Shende and Subedi, 2017). Moreover, additional advantages, including their lack of contamination, easy obtainability, low immunogenicity, and rapid proliferation, make them a highly suitable candidate for SCI therapy (Liu et al., 2013; Yaghoobi et al., 2016). Of the numerous possible transplantation routes, it has been demonstrated that cell engraftment and tissue sparing are significantly better after intrathecal delivery, and that the host immune response is reduced with subarachnoid infusion. It has also been reported that intrathecal administration of stem cells results in better functional recovery than other approaches of cellular delivery (Paul et al., 2009; Shin et al., 2013). Thus, minimally invasive subarachnoid administration is considered the safest and most effective approach for stem cell delivery (Cizkova et al., 2011; Krupa et al., 2018).

SCI in the early chronic phase, although inconsistently defined, is characterized by a profound infiltration of immune cells and a peak secretion of pro-inflammatory cytokines from the injured tissues (Nutt et al., 2013; Vidal et al., 2013; Johnson et al., 2017). Because SCI patients at this stage are commonly encountered in the clinic, this study protocol describes a planned clinical trial to assess safety and efficacy of intrathecal transplantation of hUC-MSC to treat early chronic SCI.

Subjects and Methods {#sec1-2}
====================

Study design {#sec2-1}
------------

This is the proposed protocol for a prospective, multicenter, randomized, placebo-controlled, single-blinded clinical trial, which was developed in accordance with the Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) checklist (Chan et al., 2013a, b) (**[Figure 1](#F1){ref-type="fig"}, [Table 1](#T1){ref-type="table"}** and **[Additional file 1](#T2){ref-type="table"}**). The initiating sponsor and co-ordinator of this clinical trial is the Third Affiliated Hospital of Sun Yat-sen University (Guangzhou, China). The other two participants are West China Hospital of Sichuan University (Chengdu, China) and Shanghai East Hospital, Tongji University School of Medicine (Shanghai, China). For ethical reasons that more subjects benefit from any possible positive outcomes of this treatment, eligible patients will undergo randomization at a 2:1 ratio to receive subarachnoid infusion of either hUC-MSC (the observation group) or sterile normal saline (the control group). Randomization will be performed centrally according to a computer-generated number table. The use of a centrally automated allocation procedure is to ensure that randomization data are not influenced by any person. In this study, both those giving therapy and the assessors will not be intervention-blinded. Only the subjects will be treatment-blinded.

![Schematic diagram of the use of human umbilical cord mesenchymal stem cells (hUC-MSC) to treat early chronic spinal cord injury.\
Following baseline assessments, enrolled spinal cord injury patients at between 2 months and 1 year post-injury will be randomly allocated into one of two groups: the observation group (subarachnoid transplantation of hUC-MSC, *n* = 44) and the control group (intrathecal infusion of sterile normal saline, *n* = 22). In this single-blinded study, both groups will receive four doses of subarachnoid administration, with an interval of one calendar month between each administration. After completing the cytotherapy, regular follow-ups for both safety and efficacy will be performed at four time points, scheduled at 1, 3, 6, and 12 months post-cytotherapy.](NRR-15-1532-g002){#F1}

###### 

Standard Protocol Items: Recommendations for Interventional Trials diagram

                                                   Month --0^\*^   Month 0   Month 1   Month 2   Month 3   Month 4   Month 6   Month 9   Month 15
  -------------------------- --------------------- --------------- --------- --------- --------- --------- --------- --------- --------- ----------
  Enrollment                 Patient screening     √                                                                                     
  Patient informed consent   √                                                                                                           
  Patient randomization                            √                                                                                     
  Intervention               hUC-MSC (arm A)                       √         √         √         √                                       
  Normal saline (arm B)                            √               √         √         √                                                 
  Primary endpoint                                 √               √         √         √         √         √         √         √         
  Assessment                 Secondary endpoints                   √         √         √         √         √         √         √         √
  Safety indicators                                √               √         √         √         √         √         √         √         
  Other recordings                                 √               √         √         √         √         √         √         √         

\*The screening visit. hUC-MSC: Human umbilical cord mesenchymal stem cell.

###### 

SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and related documents\*

  Section/item                                                       Item No   Description
  ------------------------------------------------------------------ --------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Administrative information**                                               
  Title                                                              1         Descriptive title identifying the study design, population, interventions, and, if applicable, trial acronym (Page 1, 4, 5)
  Trial registration                                                 2a        Trial identifier and registry name. If not yet registered, name of intended registry (Page 2)
                                                                     2b        All items from the World Health Organization Trial Registration Data Set (Page 2)
  Protocol version                                                   3         Date and version identifier (Page 2)
  Funding                                                            4         Sources and types of financial, material, and other support (Page 16)
  Roles and responsibilities                                         5a        Names, affiliations, and roles of protocol contributors (Page 17)
                                                                     5b        Name and contact information for the trial sponsor (Page 1, 4, 16)
                                                                     5c        Role of study sponsor and funders, if any, in study design; collection, management, analysis, and interpretation of data; writing of the report; and the decision to submit the report for publication, including whether they will have ultimate authority over any of these activities (Page 4, 8, 10,11, 13)
                                                                     5d        Composition, roles, and responsibilities of the coordinating centre, steering committee, endpoint adjudication committee, data management team, and other individuals or groups overseeing the trial, if applicable (see Item 21a for data monitoring committee) (Page 10, 11)
  Introduction                                                                 
  Background and rationale                                           6a        Description of research question and justification for undertaking the trial, including summary of relevant studies (published and unpublished) examining benefits and harms for each intervention (Page 4, 5)
                                                                     6b        Explanation for choice of comparators (Page 5, 6)
  Objectives                                                         7         Specific objectives or hypotheses (Page 3, 4, 5)
  Trial design                                                       8         Description of trial design including type of trial (eg, parallel group, crossover, factorial, single group), allocation ratio, and framework (eg, superiority, equivalence, noninferiority, exploratory) (Page 7) Methods: Participants, in
  **Methods: Participants, interventions, and outcomes**                       
  Study setting                                                      9         Description of study settings (eg, community clinic, academic hospital) and list of countries where data will be collected. Reference to where list of study sites can be obtained (Page 4)
  Eligibility criteria                                               10        Inclusion and exclusion criteria for participants. If applicable, eligibility criteria for study centres and individuals who will perform the interventions (eg, surgeons, psychotherapists) (Page 5, 6)
  Interventions                                                      11a       Interventions for each group with sufficient detail to allow replication, including how and when they will be administered (Page 7, 8, 9)
                                                                     11b       Criteria for discontinuing or modifying allocated interventions for a given trial participant (eg, drug dose change in response to harms, participant request, or improving/worsening disease) (Page 7, 8, 9)
                                                                     11c       Strategies to improve adherence to intervention protocols, and any procedures for monitoring adherence (eg, drug tablet return, laboratory tests) (Page 7, 8)
                                                                     11d       Relevant concomitant care and interventions that are permitted or prohibited during the trial (Page 9)
  Outcomes                                                           12        Primary, secondary, and other outcomes, including the specific measurement variable (eg, systolic blood pressure), analysis metric (eg, change from baseline, final value, time to event), method of aggregation (eg, median, proportion), and time point for each outcome. Explanation of the clinical relevance of chosen efficacy and harm outcomes is strongly recommended (Page 7, 8)
  Participant timeline                                               13        Time schedule of enrolment, interventions (including any run-ins and washouts), assessments, and visits for participants. A schematic diagram is highly recommended (see Figure) (Page 2 in Figure)
  Sample size                                                        14        Estimated number of participants needed to achieve study objectives and how it was determined, including clinical and statistical assumptions supporting any sample size calculations (Page 6, 7)
  Recruitment                                                        15        Strategies for achieving adequate participant enrolment to reach target sample size (Page 4, 5)
  **Methods: Assignment of interventions (for controlled trials)**             
  Allocation:                                                                  
  Sequence generation                                                16a       Method of generating the allocation sequence (eg, computergenerated random numbers), and list of any factors for stratification. To reduce predictability of a random sequence, details of any planned restriction (eg, blocking) should be provided in a separate document that is unavailable to those who enrol participants or assign interventions (Page 4, 5)
  Allocation concealment mechanism                                   16b       Mechanism of implementing the allocation sequence (eg, central telephone; sequentially numbered, opaque, sealed envelopes), describing any steps to conceal the sequence until interventions are assigned (Page 4, 5)
  Implementation                                                     16c       Who will generate the allocation sequence, who will enrol participants, and who will assign participants to interventions (Page 4, 5)
  Blinding (masking)                                                 17a       Who will be blinded after assignment to interventions (eg, trial participants, care providers, outcome assessors, data analysts), and how (Page 4, 5)
                                                                     17b       If blinded, circumstances under which unblinding is permissible, and procedure for revealing a participant\'s allocated intervention during the trial (Page 8, 9)
  **Methods: Data collection, management, and analysis**                       
  Data collection methods                                            18a       Plans for assessment and collection of outcome, baseline, and other trial data, including any related processes to promote data quality (eg, duplicate measurements, training of assessors) and a description of study instruments (eg, questionnaires, laboratory tests) along with their reliability and validity, if known. Reference to where data collection forms can be found, if not in the protocol (Page 10, 11)
                                                                     18b       Plans to promote participant retention and complete follow-up, including list of any outcome data to be collected for participants who discontinue or deviate from intervention protocols (Page 7, 8, 11)
  Data management                                                    19        Plans for data entry, coding, security, and storage, including any related processes to promote data quality (eg, double data entry; range checks for data values). Reference to where details of data management procedures can be found, if not in the protocol (Page 10, 11)
  Statistical methods                                                20a       Statistical methods for analysing primary and secondary outcomes. Reference to where other details of the statistical analysis plan can be found, if not in the protocol (Page 11)
                                                                     20b       Methods for any additional analyses (eg, subgroup and adjusted analyses) (Page 11)
                                                                     20c       Definition of analysis population relating to protocol non-adherence (eg, as randomised analysis), and any statistical methods to handle missing data (eg, multiple imputation) (Page 11)
  **Methods: Monitoring**                                                      
  Data monitoring                                                    21a       Composition of data monitoring committee (DMC); summary of its role and reporting structure; statement of whether it is independent from the sponsor and competing interests; and reference to where further details about its charter can be found, if not in the protocol. Alternatively, an explanation of why a DMC is not needed (Page 10, 11)
                                                                     21b       Description of any interim analyses and stopping guidelines, including who will have access to these interim results and make the final decision to terminate the trial (Page 6, 10, 11)
  Harms                                                              22        Plans for collecting, assessing, reporting, and managing solicited and spontaneously reported adverse events and other unintended effects of trial interventions or trial conduct (Page 7, 8, 9)
  Auditing                                                           23        Frequency and procedures for auditing trial conduct, if any, and whether the process will be independent from investigators and the sponsor (Page 10, 11)
  **Ethics and dissemination**                                                 
  Research ethics approval                                           24        Plans for seeking research ethics committee/institutional review board (REC/IRB) approval (Page 3, 4, 15, 16)
  Protocol amendments                                                25        Plans for communicating important protocol modifications (eg, changes to eligibility criteria, outcomes, analyses) to relevant parties (eg, investigators, REC/IRBs, trial participants, trial registries, journals, regulators) (Page 10, 11, 12)
  Consent or assent                                                  26a       Who will obtain informed consent or assent from potential trial participants or authorised surrogates, and how (see Item 32) (Page 12)
                                                                     26b       Additional consent provisions for collection and use of participant data and biological specimens in ancillary studies, if applicable (Page 12)
  Confidentiality                                                    27        How personal information about potential and enrolled participants will be collected, shared, and maintained in order to protect confidentiality before, during, and after the trial (Page 10, 11,12, 13)
  Declaration of interests                                           28        Financial and other competing interests for principal investigators for the overall trial and each study site (Page 16)
  Access to data                                                     29        Statement of who will have access to the final trial dataset, and disclosure of contractual agreements that limit such access for investigators (Page 10, 11, 12, 13)
  Ancillary and post-trial care                                      30        Provisions, if any, for ancillary and post-trial care, and for compensation to those who suffer harm from trial participation (Page 8, 9)
  Dissemination policy                                               31a       Plans for investigators and sponsor to communicate trial results to participants, healthcare professionals, the public, and other relevant groups (eg, via publication, reporting in results databases, or other data sharing arrangements), including any publication restrictions (Page 12, 13)
                                                                     31b       Authorship eligibility guidelines and any intended use of professional writers (Page 13)
                                                                     31c       Plans, if any, for granting public access to the full protocol, participantlevel dataset, and statistical code (Page 12, 13)
  **Appendices**                                                               
  Informed consent materials                                         32        Model consent form and other related documentation given to participants and authorised surrogates (Page 12)
  Biological specimens                                               33        Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular analysis in the current trial and for future use in ancillary studies, if applicable (Page 7, 8, 9)

\*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & Elaboration for important clarification on the items. Amendments to the protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT Group under the Creative Commons "[Attribution-NonCommercial-NoDerivs 3.0 Unported](Attribution-NonCommercial-NoDerivs3.0Unported)" license.

Subjects {#sec2-2}
--------

### Eligibility {#sec3-1}

The three trial centers will use the same criteria and rigidity for subject inclusion. Recruitment methodologies include advertisements in academic media as well as liaisons with general practitioners, specialist neurologists, and spinal surgeons. Inclusion criteria are as follows: (1) complete or incomplete trauma-induced SCI \[American Spinal Injury Association (ASIA) A--D\] at between 2 months and 1 year after the trauma (the early chronic phase) (Kalsi-Ryan et al., 2014); (2) aged between 18 and 65 years; (3) have voluntarily signed and dated an informed consent form, approved by the stem cell research ethics committee, after the nature of the clinical study has been explained and the subjects have had the opportunity to ask questions; a separate informed consent form is needed for any subject participating in this clinical study; (4) agree to be regularly followed up for 1 year after the completion of treatment. All of the aforementioned items will need to be met for any included subject.

### Exclusion {#sec3-2}

Exclusion criteria are as follows: (1) ankylosing spondylitis, myelitis, or vascular abnormalities within the spinal cord parenchyma; (2) severe comorbidities, including but not limited to craniocerebral injury, cutaneous back infection, psychiatric disorder, or cancer; (3) pregnancy or lactation (for females); (4) predicted lifespan of less than 12 months following the end of therapy; (5) participation in any other stem cell-associated clinical trials that might affect accurate neurological evaluations in the present trial; (6) any medical condition that, in the opinion of investigators, may pose a safety risk to any subject in this study, confound safety or efficacy assessments, or interfere with study participation. If any clause of the exclusion criteria is met, the subject will be removed.

### Rejection {#sec3-3}

Rejection criteria are as follows: (1) misdiagnosis; (2) use of any medication that may significantly impact the assessment accuracy of hUC-MSC efficacy; (3) absence of any evaluation outcome at any time point during the follow-up period. For any rejected subject, the reasons for rejection will be explained, and a case report form (CRF) containing the discontinuation date will be filed.

### Cessation {#sec3-4}

Cessation criteria are as follows: (1) individual wishes of the subjects; (2) occurrence of any stem cell-associated serious adverse event (SAE) that may aggravate neural dysfunction, impair consciousness, or be life-threatening or lead to death in any subject; (3) detection of any major mistake in the present protocol during the implementation of this clinical trial; (4) inability to enforce the current protocol by investigators; (5) the national administration agency requires the clinical trial to be halted.

Sample size evaluation {#sec2-3}
----------------------

A difference test was used to predict sample sizes in both the observation and control groups. The two-tailed significance level (α) was 0.05. To provide 80% power (1 -- β) to detect any differences in changes in ASIA total scores, β was set as 0.2. Based on the results of the preliminary clinical trial, the estimated standard difference (S) between the two groups in ASIA total score change was 14. According to expert consensus from the spine surgery, rehabilitation, and neurology departments, a minimum improvement of 12 in the ASIA total score is believed to have clinical significance; therefore, δ was set as 12. The maximum possible dropout rate during follow-up was considered to be 20%. Hence, 66 patients will be sufficient to detect differences between the two groups.

Intervention {#sec2-4}
------------

In this study, hUC-MSC is the intervention factor; thus, the 44 subjects in the observation group will receive subarachnoid infusion of hUC-MSCs, and the remaining 22 subjects in the control group will receive intrathecal injection of sterile normal saline (10 mL). The hUC-MSCs will be produced in a Good Manufacturing Practice-level laboratory. The isolation and proliferation of hUC-MSCs will be performed in several steps. After obtaining informed consent forms from the parents of healthy full-term neonates, umbilical cords will be collected and cut into segments, disinfected, and washed with sterile normal saline. Following the removal of arteries and vessels within the umbilical cord, Wharton's jelly will be split into pieces with volumes of less than 1 cm^3^; these will then be cultured on the bottom of plates. Approximately 1 week later, cell clone of hUC-MSCs can be observed around the Wharton's jelly slices. These primary hUC-MSCs will be digested by using TrypLE™ Express (Gibco) and then, single cells will be adjusted to the the concentration of 2 × 10^4^/cm^2^ in each plate. hUC-MSCs will be cultured in medium consisting of α-MEM (Gibco), GlutaMAX™(Gibco), PLUS™ MSC Qualified Cell Culture Supplement (Compass Biomedical) in a humidified atmosphere with 5% CO~2~ at 37°C. After reaching confluence of above 90%, cells will be passaged to continue proliferating. Following a series of in-depth quality control tests, including but not limited to endotoxin, exotoxin, mycoplasma, chlamydia, germ, virus, tumorigenicity, and tri-lineage differentiation tests *in vitro*, hUC-MSCs at passages 4--5 will be used in this clinical trial, and the transplantation dose will be 1 × 10^6^ cells/kg based on results from our preclinical studies (manuscript in preparation). For transportation, hUC-MSCs will be suspended in 10 mL of sterile normal saline and maintained in a temperature-controlled environment of approximately 4°C under sterile and dark conditions. The stem cell suspensions will be transported as rapidly as possible to ensure infusion within 8 hours of dissociation. During the intervention period of four calendar months, all subjects will receive the recommended standard of care.

Safety indicators and primary and secondary efficacy endpoints {#sec2-5}
--------------------------------------------------------------

The safety indicators are as follows: (1) routine tests of blood, urine, and excrement; (2) biochemistry analysis; (3) tumor indicators; (4) blood coagulation; (5) chest radiography; (6) electrocardiogram. Biological specimens will be acquired from subjects once an additional informed consent form has been obtained, and tests will be performed immediately after specimen acquisition. The ASIA total score is the primary efficacy endpoint, while the secondary efficacy outcomes are as follows: (1) ASIA impairment scale; (2) International Association of Neural Restoration-Spinal Cord Injury Functional Rating Scale; (3) muscle tension based on the Ashworth scale; (4) electromyogram results; (5) cortical motor and cortical sensory evoked potentials; (6) residual urine volume; (7) magnetic resonance imaging--diffusion tensor imaging (MRI-DTI) results; (8) T cell subtype analysis; (9) neurotrophic factors in serum and cerebrospinal fluid (e.g., brain-derived neurotrophic factor, glial cell-derived neurotrophic factor, vascular endothelial growth factor); (10) inflammatory factors in serum and cerebrospinal fluid (e.g., tumor necrosis factor-α, transforming growth factor-β, interleukin-1β, interleukin-6). Of these secondary outcomes, the first three indicators will be assessed by evaluators according to standard scoring or grading systems, while the latter seven indicators will be tested using machines or kits.

Study procedures {#sec2-6}
----------------

In this clinical trial, the subarachnoid transplantation of hUC-MSCs will be performed a total of four times per patient. Before the first infusion of stem cells, safety and efficacy indicators will be acquired as baseline data. For the intrathecal transplantation process, each patient's maximum lumbar flexion will be maintained, and cerebrospinal fluid release with a volume of approximately 10 mL will be performed. The hUC-MSC suspension will be administered manually at the L3/4, L4/5, or L5/S1 level as slowly as possible to minimize the possibility of any complications associated with intrathecal transplantation, including headache, nausea, or vomiting. One calendar month later, patients will undergo a second subarachnoid engraftment of hUC-MSC after all safety and most efficacy parameters (all but MRI-DTI) have been obtained. Following this pattern, patients will receive the third and fourth rounds of stem cell transplantation, with the same collection of parameters as for the second hUC-MSC administration. After the completion of cytotherapy, the patient will be regularly followed up at four time points, scheduled at 1, 3, 6, and 12 calendar months following the final administration of hUC-MSCs. At the second follow-up, all safety and most efficacy indicators (all but MRI-DTI) will be acquired. For the other three follow-ups, all evaluation outcomes will be collected (**[Table 1](#T1){ref-type="table"}**). Any subject who has any kind of SAE, such as anaphylactic shock or pyogenic infection of the central nervous system, will be followed up immediately, and effective treatments will be initiated as rapidly as possible. Unscheduled follow-ups will then be continued until recovery of the normal condition. If any SAE occurs, the unblinding of this subject will be permissible. For mild or moderate adverse events (AE), the investigators will make a joint decision as to whether the subject receives unscheduled follow-ups or not.

AE {#sec2-7}
--

AEs refer to any unwanted symptoms or signs in a clinical investigation subject, and do not necessarily have a causal relationship with the applied intervention (Koda et al., 2018). Fever, headache, dizziness, muscle spasm, fatigue, chest distress, nausea, and vomiting are relatively common AEs associated with cytotherapy (Kakabadze et al., 2016; Vaquero et al., 2016, 2017). Of these, fever is most likely to be observed, with an approximate incidence of 30%. Once detected, non-steroidal anti-inflammatory drugs and intravenous infusions will be given. Similarly, headaches will also be treated with non-steroidal anti-inflammatory drugs. For dizziness, betahistine mesylate and flunarizine hydrochloride will be used to relieve symptoms. For the relief of muscle spasms, a muscle relaxant (baclofen) and mecobalamin will be administered. In patients with fatigue and chest distress, bed rest and intermittent oxygen inhalation will be suggested. To treat nausea and vomiting, metoclopramide or ondansetron will be injected intramuscularly. For other possible AEs with low morbidity, corresponding treatments will be recommended. If any SAE is encountered, even with extremely low incidence, it will be reported to the principal investigator of the trial, the stem cell research ethics committee, and the state supervision agency within 24 hours of its occurrence. All AEs will be coded according to the World Health Organization Adverse Reactions Terminology. At the end of the clinical trial, the intensity and relationship of any AEs with the study intervention will be identified.

Data management {#sec2-8}
---------------

All study documents from the three centers will be considered highly confidential and will be stored in locked filing cabinets in a room with restricted access. On a paper CRF, data will be collected and managed with a four-digit pseu-donym. In the restricted study office, three independent trial coordinators will jointly check the completeness and consistency of CRFs. Then, under the supervision of independent trial inspectors, implausible or missing outcomes will be confirmed or added after consulting the investigator via the data query form. All correct data from paper CRFs that have undergone careful screening will be translated into electronic information and stored in the database. During this procedure, data will be entered twice by two subject-blinded people to allow a double check for accuracy. When data revision is required, the corrected data will be entered by independent trial coordinators under the supervision of both trial investigators and inspectors. Access to the database will be strongly restricted. The principal investigator and biostatistician will be able to log into the data set and get full access to the information only upon permission from the head of this study. Data backups and paper CRF archiving will be performed regularly by trial coordinators. If required, data transfer between centers will be encrypted, and any information capable of identifying individuals will be removed.

Trial quality assurance {#sec2-9}
-----------------------

It will be ensured that this study is of high quality and is delivered in accordance with the present trial protocol, which will not be amended unless any SAE occurs during its implementation. All research staff, including investigators, research assistants, and outcome assessors, will be trained in advance to be able to competently administer items as per the protocol. Once the clinical trial begins, an independent trial inspector will visit each study site monthly and will be responsible for reviewing the following: overall research progress and integrity, adherence to the selection criteria for all included subjects, compliance with the scheduled intervention for each participant, compliance with national regulations, and the handling of practical problems. Moreover, this trial inspector will occasionally provide suggestions to the principal investigator, who will make any final decisions about trial modifications, continuation, or termination.

Statistical analysis {#sec2-10}
--------------------

In this study, three analysis sets will be required. For the safety analysis set, all safety indicators will be obtained from those who have undergone one or multiple stem cell transplantations following randomization. In the full analysis set, subjects will be excluded if they received no intervention or never gave any evaluation outcome. For the per protocol set, subjects should achieve at least 90% integrity of all of the following criteria: (1) underwent either stem cell or normal saline injection; (2) showed no violation of the present protocol; (3) completed the full follow-up; (4) obtained all required data. For the baseline characteristics, continuous variables will be expressed as means ± standard deviations, while categorical data will be given as frequencies. The independent *t*-test and Pearson chi-test will be applied to analyze continuous and categorical variables, respectively. For the safety indicators, primary endpoint, and most secondary outcomes, including blood coagulation function, routine tests (blood, urine, and excrement), biochemistry and tumor findings, ASIA total score, International Association of Neural Restoration-Spinal Cord Injury Functional Rating Scale, residual urine volume, MRI-DTI (fractional anisotropy, apparent diffusion coefficient), electromyogram (conduction speed, latency, amplitude), cortical motor and cortical sensory evoked potentials (latency, amplitude), and contents of neurotrophic and inflammatory factors, the independent *t*-test will be used to detect any differences between the two groups. To compare the remaining two secondary indicators (ASIA impairment scale and muscle tension classification) a nonparametric test (the Wilcoxon rank sum test) will be performed between the two groups. If required, statistical analysis between subgroups will be performed. All statistical analyses will be performed using Statistical Product and Service Solutions (Version 22.0, IBM, New York, NY, USA) by the principle biostatistician. *P* \< 0.05 will be considered statistically significant.

Patient and public involvement statements {#sec2-11}
-----------------------------------------

After the completion of the protocol design by investigators, subjects will be included in this clinical trial. Outcome measures will be developed based on the priority of this study, as well as the experience and preferences of investigators. When asked to assess the energy and time requirements to participate in this clinical trial, subjects are not expected to consider it a burden. Included participants will not be responsible for the official dissemination of the final results and conclusions.

Ethical considerations {#sec2-12}
----------------------

The study ethics and trial protocol have been approved by the Stem Cell Research Ethics Committee of the Third Affiliated Hospital of Sun Yat-sen University, Human Cell Clinical Research Ethics Committee of Shanghai East Hospital, Tongji University School of Medicine, and Ethics Committee on Stem Cell Clinical Research, West China Hospital of Sichuan University (**Additional file 2**) and all the relevant regulatory authorities. The clinical study will be conducted in accordance with all regulations. An informed consent form (**Additional file 3**) that has the approval of the ethics committee will be obtained from all participants before their inclusion. This clinical trial complies with the principles of the World Medical Association Declaration of Helsinki---Ethical Principles for Medical Research Involving Human Subjects, with all its amendments, as well as with the principles of Good Clinical Practice.

Informed consent forms and privacy protection of subjects {#sec2-13}
---------------------------------------------------------

As far as possible, informed consent forms and associated explanatory information will be prepared in simple language. They will be clearly explained to subjects or their legal representatives by investigators before obtaining their informed consent. If trial participants are not able to sign their names, an allograph by their legal representatives will be allowed. No study procedure will be implemented prior to the acquisition of informed consent forms. During the study procedures, only the investigators and inspectors will have partial access to the personal information of subjects, and this will occur under the strict supervision of the study's principal investigator. No investigators will reveal any data associated with this clinical trial, except upon an official request by the national administration agency. If there are any changes to the informed consent form during this clinical study, the revised informed consent form must receive another written approval from the stem cell research ethics committee before its use, and subjects must re-consent to the revised version of the informed consent form.

Public dissemination and literature publication {#sec2-14}
-----------------------------------------------

After consensus in the results and conclusions of this clinical trial are obtained, they will be submitted to the chief investigators in both the sponsor and participating hospitals, and will be reserved in paper form for at least 30 years. Even if the final results and conclusions are not desirable, despite performing the trial in strict accordance with all standard operating procedures, a paper describing this study will be written by professional writers in the sponsor institute. If investigators in the participating agencies plan to publish partial outcomes of this clinical trial at academic conferences or in journals, permission will be obtained in advance from the principal investigator in the sponsor hospital. When preparing the associated articles, the confidentiality of all subjects will be ensured.

Discussion {#sec1-3}
==========

To the best of our knowledge, this will be the first systematic study to demonstrate the clinical safety and efficacy of hUC-MSCs in treating early chronic SCI, which is relatively common in the clinic. Several studies have reported only preliminary results of the efficacy of hUC-MSCs in treating SCI, and these have not reported detailed safety evaluations and generally have not involved the treatment of SCI in the early chronic phase (Cheng et al., 2014; Miao et al., 2015; Zhao et al., 2017). Furthermore, these previous studies have many shortcomings, with small sample sizes, limited evaluation indicators, and the use of more invasive methodologies for performing stem cell transplantation. Hence, the therapeutic potential of hUC-MSC may not have been fully demonstrated. In comparison with previous studies, the proposed protocol of the present, well-designed clinical trial is aimed at early chronic SCI, and includes a variety of functional assessments, imaging evaluations, and humoral indicators that will overcome most of the aforementioned shortcomings of previous studies. The transplantation dose will be set at 1 × 10^6^ cells/kg in the current clinical trial, which is similar to that of other reports (Hur et al., 2016; Satti et al., 2016). Toxicity is extremely unlikely because our preclinical study has demonstrated very good safety *in vivo* after intrathecal administration with this dosage (manuscript in preparation).

In summary, hUC-MSC holds great promise for the effective treatment of SCI, which is a serious public health problem. It is believed that the current protocol will be able to definitively elucidate the therapeutic efficacy and safety concerns of hUC-MSCs in treating early chronic SCI. If the present study successfully demonstrates the efficacy and safety of subarachnoid transplantation of hUC-MSCs, more in-depth clinical studies will be conducted to further verify the feasibility of their application in treating early chronic SCI. Moreover, the results of this study may substantially save costs by reducing the need for other expensive, but mostly ineffective therapies, and may also improve the quality of life of affected people. The current clinical study of intrathecal administration of hUC-MSCs is hoped to be a profound milestone for the treatment of early chronic SCI.

Trial Status {#sec1-4}
============

The study was registered with ClinicalTrials.gov on April 12, 2018 (registration No. NCT03521323), and the revised trial protocol (Protocol version 4.0) was released on April 29, 2019. Upon submission, this study is not yet in the process of patient recruitment. It is estimated that subject enrollment will begin on September 1, 2019, and be completed at the end of July 2020.
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=================

***[Additional file 1](#T2){ref-type="table"}:*** *SPIRIT checklist*.

***Additional file 2:*** *Hospital ethics approval (Chinese)*.

***Additional file 3:*** *Informed consent form (Chinese)*.
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